Stress distribution near a rectangular cut-out in a reinforced circular cylinder due to direct shear loading and torque. part 1, test results by Henson, G. S.
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1. Introduction 
The specimen available for tests had been 
modified to contain cut-outs and tested to destruction 
by the Bristol Aeroplane Co. Ltd. (Reference 2). 
It was repaired and simplified by removing 
floor beams and filling a third cut-out, to leave the 
structure given in Table I and Figures 2, 3, 6 and 7. 
This comparatively simple structure was expected to 
be more amenable to calculation, and by comparison 
with previous tests, to indicate floor beam effects. 
Study of previous work (see references) 
showed that there existed a need for such investiga-
tion, particularly on a structure that could be 
considered typical of present (pressurised) aircraft, 
in having a heavy angle member at the edge of the 
cut-out, connecting reinforced frames and longerons. 
2. Apparatus 
A simple 'A Frame' was strengthened, and a 
calibrated hydraulic torque and direct shear loading 
rig added. Ram bending and friction effects were 
reduced as far as possible. 	 The specimen was 
locally strengthened and bolted to a rigid backplate 
of steel I beams, Figure 1. 
	
90 ohm strain gauges 
(H. Tinsley and Co. Ltd.) were cemented to the 
specimen in shear and tension groups. 	 Compensation 
for temperature changes was provided, and, where 
both sides of the material were accessible, also for 
buckling. 
	
In the few cases where buckling compensa- 
tion was required but could not be provided, results 
have been neglected. 
Percentage resistance change of these 
gauges was measured on a 50 way R.A.E. type, Savage 
and Parsons unit. 
Deflections of the specimen were measured 
relative to the floor, and the deflections of the 
backplate were taken at three points to enable tilt 
to be measured and to ensure negligible rig distor-
tion and consistency between tests. 
3. Details of Tests  
Load was applied in increments and 
percentage change of resistance noted. 	 These 
were plotted and show very good linearity. 
Typical plots are Figures 4 and 5. 	 It will be 
seen that for direct shear loading, jack pressure 
was plotted directly since pressure-load calibration 
followed a straight line law. 	 In some cases a 
change of slope occurred with skin buckling. 
Slopes of these plots were recorded giving percentage 
resistance change due to load increments of direct 
shear (WV) or torque 
S k i n  s h e a r  d i s t r i b u t i o n  a b o u t  t h e  c e n t r e  
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w h i l e  r e s i s t a n c e  t o  e N T  w a s  9 8  p e r  c e n t  o f  a p p l i e d  
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A s s u m i n g  v a l u e s  f o r  t h e  e l a s t i c  c o n s t a n t s  
o f  t h e  m a t e r i a l s ,  a n d  t h e  g a u g e  s e n s i t i v i t y  f a c t o r ,  
a n d  c a l c u l a t i n g  s e c t i o n  c o n s t a n t s  f o r  t h e  v a r i o u s  m e m -
b e r s  ( m a k i n g  a l l o w a n c e  f o r  s k i n  t e n s i o n  a n d  c o m p r e s s i o n  
c a s e s ) ,  t h e  r e a d i n g s  o f  s t r a i n  w e r e  c o n v e r t e d  t o  s k i n  
s t r e s s e s ,  w e b  l o a d s  a n d  f r a m e  a n d  l o n g e r o n  l o a d s .  
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t i o n  o f  t h e  s t r e s s  d i s t r i b u t i o n  a t  t h e  c o r n e r  o f  t h e  
c u t - o u t  i n v e s t i g a t e d .  
T h e  m o s t  d o u b t f u l  v a l u e  p l o t t e d  i s  t h a t  o f  
m a x i m u m  f r a m e  l o a d  w h e r e  s o m e  n o n - l i n e a r i t y  o f  s t r a i n  
a c r o s s  t h e  s e c t i o n  w a s  f o u n d .  T h e  v a l u e  p l o t t e d  i s  
t h o u g h t  t o  b e  w i t h i n  1 0  p e r  c e n t  o f  t h e  t r u e  v a l u e .  
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o f  d i r e c t  s t r e s s  n e a r  t h e  c u t - o u t  ( F i g u r e  1 1 ) .  	
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m a x i m u m  s h e a r  s t r e s s  f o u n d  w a s  2 . 6  t i m e s  t h a t  f o r  
u n c u t  c y l i n d e r ,  a n d  o c c u r r e d  i n  t h e  b a y  w i t h  c u t - o u t s ,  
t h e  s t r e s s  i n  o t h e r  b a y s  b e i n g  v e r y  c o n s i d e r a b l y  b e l o w  
t h i s  ( R e f e r e n c e  2 ) .  
	
S k i n  p r o v i d e d  8 7  p e r  c e n t  o f  t h e  
3 
resistance to this load, and stringer and longeron 
webs 5 per cent: total 92 per cent. 	 For torque 4T 
applied, the maximum stress was 3.4 times that for 
uncut cylinder, the skin providing 98 per cent of 
resistance. 
Since results are based on over 700 strain 
gauge readings, and only the calibrated loading 
apparatus differed between tests, better agreement 
had been expected between these resistances. 
2. Longeron Loads  
Stress due to axial load was small (20 per 
cent of the stress due to BM). 	 Both BM and axial 
load were a maximum at the edge of the cut-out and 
died away exponentially. 	 BM was of the same magnitude 
as that in the frame. 
3. Frame Loads 
Both BM and axial load were a maximum at 
the edge of the cut-out and thereafter very rapidly 
became negligible. 
4. Skin Hoop Stress reached a high value (Figure 11). 
5. Skin Buckling  
The load-strain curve became almost linear 
again after skin buckling, but a given load increment 
then caused about 18 per cent more stress at some 
points in frame, and longeron near the cut-out, than 
before buckling. 
	
Maximum skin shear stress increased 
similarly about 8 per cent. 
Theory 
Theoretical prediction of the stresses is 
compared with these test results in Reference 1. 
Design 
The structure may be considerably simplified 
and maximum stresses decreased by a simple change in 
layout and a further change in longeron construction 
(Appendix I). 
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C r i t i c i s m  o f  D e s i g n   
T h e  l o a d  c a r r y i n g  a b i l i t y  o f  t h e  e x i s t i n g  
s t r u c t u r e  s e e m s  t o  b e  o p e n  t o  c r i t i c i s m  a t  t w o  p o i n t s :  
( i )  S i n c e  t h e  c u t - o u t  e d g e  m e m b e r  a n d  l o n g e r o n  a r e  
s e p a r a t e d ,  t h e  e d g e  m e m b e r  t r a n s m i t s  l a r g e  
a x i a l  l o a d s  ( i n  a  l o n g i t u d i n a l  d i r e c t i o n )  
w h i c h  h a v e  t o  b e  r e s i s t e d  b y  t h e  f r a m e s  a t  
t h e  c u t - o u t  i n  s i d e w a y s  b e n d i n g .  
( i i )  
T h e  m a x i m u m  v a l u e  o f  b e n d i n g  ( i n  a  n o r m a l  m a n n e r )  
a n d  a x i a l  l o a d  i n  t h e  f r a m e s  a t  t h e  c u t - o u t  
o c c u r s  a t  a  p o i n t  o f  l o w  s e c o n d  m o m e n t  o f  c r o s s  
s e c t i o n a l  a r e a .  
S e p a r a t i o n  o f  L o n g e r o n  a n d  C u t - o u t  E d g e  M e m b e r  
T h e  d i s c o n t i n u i t y  i n  s k i n  s h e a r  s t r e s s  
d i s t r i b u t i o n  o c c u r r i n g  a t  t h e  l o n g e r o n  ( F i g u r e  1 0 )  
i n d i c a t e s  a n  a x i a l  l o a d  i n c r e m e n t  i n  t h e  l o n g e r o n  
o f  t h e  o r d e r  f o u n d  ( F i g u r e  1 3 ) .  
A  d i s c o n t i n u i t y  f o u r  t i m e s  a s  g r e a t  o c c u r s  
a t  t h e  e d g e  o f  t h e  c u t - o u t .  
	 T h i s  i m p l i e s  t h e  p r e s e n c e  
o f  a x i a l  l o a d s  o f  a  h i g h  o r d e r .  	
T h e r e  i s  l i t t l e  r e -  
d i s t r i b u t i o n  o f  s t r e s s  a f t e r  b u c k l i n g .  T h e s e  l o a d s  
c a n n o t  c o n t i n u e  a s  d i r e c t  s t r e s s e s  a n d  m u s t  l o a d  t h e  
s k i n  a n d  f r a m e  
a t  Y  ( F i g u r e  1 6 a )  i n  a n  u n c o n v e n t i o n a l  
m a n n e r .  T h i s  i s  s u p p o r t e d  b y  t h e  s k i n  b u c k l i n g  t h a t  
o c c u r r e d .  T h i s  c o u l d  b e  a v o i d e d  b y  p u t t i n g  t h e  
l o n g e r o n  a t  t h e  e d g e  o f  t h e  c u t - o u t ;  s h a p i n g  i n  
s e c t i o n  a s  F i g u r e  1 6 b ,  w h i c h  h a s  t h e  d i s t r i b u t i o n  
o f  a r e a  r e q u i r e d .  
L a c k  o f  F r a m e  R e i n f o r c i n g   
R e f e r r i n g  a g a i n  t o  F i g u r e  1 6 a ,  t h e  e x i s t i n g  
s t r u c t u r e  h a s  a  l o c a l  r e i n f o r c i n g  c h a n n e l  a t  W  w h e r e  
t h e  l o n g e r o n  c u t s  i n t o  t h e  s k i n  f l a n g e  o f  t h e  f r a m e  
( F i g u r e  7 ) .  	
A t  Y  t h e  o n l y  r e i n f o r c i n g  i s  d u e  t o  a  
f l a n g e  f r o m  a  2 4 G  d o u b l i n g  p l a t e .  
A t  Z  t h e  f r a m e  i s  h e a v i l y  r e i n f o r c e d  b y  
t h e  c u t - o u t  e d g e  a n g l e .  
M a x i m u m  f r a m e  l o a d s  o c c u r  a t  Y  ( F i g u r e  1 5 ) .  
T h i s  l e a d s .  t o  f r a m e  s t r e s s e s  t h r e e  t i m e s  t h o s e  f o u n d  
i n  t h e  l o n g e r o n  a n d  t w i c e  t h o s e  e l s e w h e r e  i n  t h e  f r a m e .  
I t  i s  s u g g e s t e d  t h a t  t h i s  c o u l d  b e  p r e v e n t e d  
b y  c o n t i n u i n g  t h e  r e i n f o r c i n g  f r o m  t h e  l o n g e r o n  f r a m e  
j o i n t  t o  t h e  c u t - o u t  e d g e  m e m b e r .  
TABLEI 
DIMENSIONS OF TEST SPECIMEN - See Figure 2 
Cylinder of 17 - 11" Bays (187") 100.6 outside diameter 
SKIN 	 19G Uniform 
+24G Doubler in Radius of Cut-out Corner. 
STRINGERS 
	 Z 	 Average Spacing 2 .47" 
A = 0.185 with 2" skin 
I = .0359 inches 4 
X = 0.35"from skin. 
LONGERON 	 Maximum 
FRAYE 
at cut-out 
A = 0.705 inches 2 
I = .305 inches 4 
X = 0.585"from skin. 
Maximum 
A = 0,490 inches 
I = 0.227 (0.20 used as weighed 
mean for calculation) 
Mean of skin 
1 tension and k Compression 
( Values, 
See Figures 
6 and 7. 
X = 0.7-"from skin. 
CUT -OUT 	 24.5 ° and 
From Horizontal Centre Line. 
LONGERONS 	 25.5° and 29° ) 
Door edge 10G Mg angle otherwise D.T.D. 390. 
Structure Symmetric about Vertical Centre Line. 
C O L L E G E  O F  A E R O N A U T I C S  
R E P O R T  N o .  5 I .  
I .  D I R E C T  S H E A R :  H Y D R A U L I C  L O A D I N G  R I G  A N D  J A C K .  
J A C K  M O U N T E D  O N  R O L L E R S .  
2 .  
T O R Q U E :  H Y D R A U L I C  L O A D I N G  R I G  A N D  J A C K .  
3 .  S A V A G E  A N D  P A R S O N S  T Y P E  S T R A I N  R E C O R D E R .  
T E S T  R I G  A N D  S P E C I M E N .  
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R E S I S T A N C E .  
 ( S E N S M V I T Y  x  2 )  
P R E B U C K L I N G  
S L O P E S  
 P L O T T E D   A S  F I G .  6 .  
G A U G E  N 2 :  
S K I N  B U C K L I N G  /  
H 4  
T  
0 . 6  
A L H  I  
H 2  
H 8  
H 7  
H  
9 , 1 1  
H  1 0  
H
1 3  
	 . 0 1 - 1  1 4  
H  
1 2  
0 2  
1 2 0 0  
8 0 0  
	
H  3 ,  6  




4 0 0  
— 0 . 1  
} H S  
/  I  
1 . 0  




a .  
0 . 8  
c ) / 0  C H A N G E  
1  N  
F R A M E  T E N S I O N  G R O U P S .  
	
F I G .  4 .  
E X A M P L E  O F :   
S T R A I N  
G A U G E  R E A D I N G  	
 J A C K  
P R E S S U R E .  
C O L L E G E  O F  A E R O N A U T I C S  
R E P O R T  N o .  5 1 .  
9  
A ,  9 ,  A R E  P O I N T S  O N  
T H E  L O A D E D  E N D  O F  
T H E  C Y L I N D E R .  
0 1  
F  I .  
2 0 0  
6 0 0  
8 0 0  
4 0 0  
L O N G E R O N  
J A C K  P R E S S U R E  l b  / I N 2  
S E N S I T I V I T Y  
x  2  
S L O P E S  P L O T T E D  
F I G .  6 .  
F ,  2 ,  
E  
3 .  
F 4 .  
F  S .  
° / 0  C H A N G E  I N  
R E S I S T A N C E  
	
0  e i g l i r 6 -  	  
0  	
2 0 0  
F R A M E .  
7 . 3  
O  	 8 0 0  
J A C K  P R E S S U R E  I b i  1 1 \ 1 2  
1 4 . 3  
°
/ 0  C H A N G E  I N  
R E S I S T A N C E   
S L O P E S  P L O T T E D  
F I G .  7 .  
C H E C K  F R O M  P R E V I O U S  T E S T .  
B  
2 0 0  	
4 0 0  	 6 0 0  
D I R E C T  S H E A R :  A . B . A N D C .  
	  1 3 . 8  
8 0 0  
J A C K  P R E S S U R E  i b  I N
2  
G .  I .  
G . 2 .  
S E N S I T I V I T Y  
x 2  
6 • 8 -
n>  
0  
S L O P E S  P L O T T E D  F I G .  6 ,  7 .  
S E N S I T I V I T Y  
x 2  
0 2  
0 / 0  C H A N G E  I N  
R E S I S T A N C E  
G . 2  
F 4  
 
0  	
2 , 0 0 0  	
4 , 0 0 0  
	
6 , 0 0 0  
F R A M E  A N D  L O N G E R O N .  
D E F ' N .  
c . . 3  
I 0 , 0 0 0  
	
F  g .  
8 , 0 0 0  
J A C K  L O A D :  l b  
A  
2 0 . 4  
2 0 . 2  
O  
7
- 1 1 1  -  	 4 . ‹ *  - - - -  . . - -  . . . -  - - . . , c.  H E C K  F R O M  P R E V I O U S  - - - -  - - .  - _ .  T E S T .  . - -  
2 0 0 0  	
4 , 0 0 0  
T O R Q U E :  D . A N D  
E .  
2 2 . 5  
6 , 0 0 0  
	
8 , 0 0 0  
	
1 0 , 0 0 0  
J A C K  L O A D !  l b  	
F I G  S   
2 2 . 7  
L ! )  
a  
E X A M P L E  O F :  
S T R A I N  G A U G E  R E A D I N G  A N D  D E F ' N  
— J A C K  L O A D  
0  
T H E  C O L L E G E  O F  A E R O N A U T I C S .  
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- 1 C .  
2 0  3 0  
T O R Q U E  A T =  1 . 9 8 :  1 0 6  1 6  I N  
3 8 8  l b  
L O N G E R O N  
D l i E C T  S H E A R :  
L W  - z 2 0  
, 0 0 0 1 6 .  
3 7 0  1 6  
, n • 3  
L O N G E R O N  
	
3 1 0  1 n i 4  
' I  
2 1
4 0  M O M E N T  O F  A R E A  ( : ) ,  Z  : : : T 1 , I N G E q  +  2 "  S K I N = 0 • 0 3 6 1 , 4 4 ) .  
R A T I O :  8 . 6  
C O L L E G E  O F  A E R O N A U T I C S  
R E P O R T  N o .  5 1 ,  
R A D I A L  W E B  S H E A R   L O A D  I N  S T R I N G E R :  t i p  
C H E C K S :  
C O M P A R E  M E A N  E Q U I V A L E N T  R A D I A L  W E B  L O A D S .  
S T R I N G E R :  4 5  l b
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. .  
R A T I O :  B ' 4  
L O N G E R O N :  3 7 8  1 5 j  
A L S O  F R O M  F I G .  1 2 ,  L O C A L .  S L O P E  O F  L . : 7 , A G E R O N  E M .  C I A G • '  • 0 1 4  
I . E . .  L O N G E R O N  S F  A P P R O X  2 8 0  1 6 ( G W =  2 0 . 0 0 0 1 b )  
I N  
S E C T I O N  T E S 7 F D :  
T O T A L  O F  C O M P O N A N T S  O F  W E B  L O A D S  A S S I S T I N G  S K I N  T o  
R E S I S T  D I R E C T  S H E A R  L O A D  O F  2 0  0 0 0  L b ;  A P P R
,
D X : : : 2 5 0  l b :  
I , E ,  T O : A L  I S  5  ° / 0  O F  
A W E  
	
F I G  
S T R I N G E R  A N D  L O N G E R O N  W E B  L O A D S  
 A T  
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c u r  
O U T  E D G E  A N G L E .  
C U T  O U T  E D G E  A N G L E  
C O L L E G E  O F  A E R O N A U T I C S  
R E P O R T  N o .  5 1 •  
S K I N  B U C K L I N G .  
( a )  
E X I S T I N G  S T R U C T U R E  
N O T  T O  S C A L E .   
L O N G E R O N  S E C T I O N  
W I T H  C U T  
o u r  
E D G E  
( 6 )  
S U G G E S T E D  S T R U C T U R E   
N O T  T O  S C A L E .  
